The declaration in 2009 that the H1N1 pandemic constituted a public health emergency of international concern (PHEIC) was the first such declaration under the revised International Health Regulations that were adopted in 2005. In the period since then PHEIC have been declared in relation to polio, Ebola, and Zika. This article evaluates initiatives that have been introduced globally, within the Asia-Pacific region, and within Australia, to strengthen preparedness for public health emergencies. Through analysis of evolving conceptualisations of risk, surveillance of zoonotic diseases, and development of public health capacities, the article argues that to date the global community has failed to make the necessary investments in health system strengthening, and that without these investments, global public health emergencies will continue to be an ongoing challenge.
1 Initially declared a PHEIC in February 2016 as a result of concerns over the potential link between Zika and microcephaly, 2 and clusters of cases in the Americas and particularly Brazil, Zika virus became the subject of the fourth PHEIC to be declared since the revisions to the International Health Regulations (IHR) in 2005, with earlier emergencies declared in relation to the 2009 H1N1 influenza pandemic, 3 the 2014 outbreak of Ebola in West Africa, 4 and the spread of polio.
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In addition, in the past few years, the spread of Middle East Respiratory Syndrome coronavirus (MERS-CoV), 6 and an epidemic of yellow fever in Angola, 7 have also posed major threats to human health. A striking feature of the global response to each of these emergencies has been the sense of déja-vu that pervades the global debates, with some commentators arguing that the failure to learn the lessons from past emergencies reveals the need for reform of the IHR. 8 In the wake of each emergency has come global soul-searching over the best way of strengthening our capacity for the future but it remains to be seen whether recent reforms will lead to real strengthening of national, regional, and global health systems.
This article engages with recent efforts at the national, regional, and global level to address the risks posed by the global spread of infectious disease, and the evolving conceptualisations of risk that have been part of these efforts. Building upon these issues, this article considers whether recent reforms to global health governance are adequate to meet the challenges posed by global public health emergencies.
Risk is an elusive concept in management of infectious disease outbreaks. No activity is risk free, and the magnitude of ensuing harms is often unpredictable. This is especially true of any zoonotic disease outbreak showing signs of developing as a While Tom Koch has provocatively suggested that the real pandemic is that of our collective hubris about the adequacy of our pre-planning, 13 this article argues that the challenges of managing risk and the uncertainty associated with risk remain at the centre of preparedness for and responding to public health emergencies of international concern. As we argue here, although there has been considerable strengthening of global public health law over the past decade with the introduction of the revised IHR in 2005, risk continues to be an evolving concept in the context of preparedness for public health emergencies, while the challenge of building capacity, not only at the level of individual countries but also regionally and globally; the continued tensions between global cooperation and national sovereignty; and the balancing of human rights in response to public health emergencies -all continue to present legal and ethical challenges in this area. Without reforms of global health governance to build capacity at the national, regional, and global level to respond to emerging crises, public health emergencies caused by infectious diseases will continue to be a challenge for global health governance and an ongoing threat to human health.
II. RISK AND THE IHRS
The backstory to the modernisation of the international health emergency response framework to its current manifestation in the IHR (2005) has been told before.
14 What is less commented on is the unusual model or 'design' of those regulations due to the special characteristic of uncertainty associated with the health threats sought to be managed.
As Lakoff observes, pandemic response planning for emerging or uncertain events tends to opt for 'sentinel' systems which identify possible warning signs to set in train decision-making protocols or plans, rather than rely on known risk levels to trigger preordained and often 'disciplinary' responses such as quarantine. 15 The two main Risk management . . . involves the creation of a common space of calculation through which planners can predict the likelihood of future events; whereas vigilance, in contrast, assumes that the future cannot be known and that one must therefore be prepared for surprise.
However, sentinel devices (such as monitoring shifts in emergency ward admissions or patterns of pharmaceutical use) differ from risk management grounded in historical experience derived from monitoring past experience with known risks in that they:
do not operate on their own but are integrated into a broader system of alertand-response, one that includes preparedness plans that instruct officials in how to respond and decision instruments that guide governmental intervention as the event unfolds.
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Managing uncertainty, then, lies at the heart of pandemic response planning, and the WHO machinery for managing information on possible epidemics, ranging across the spectrum from rumours to information from governments or trawling of electronic sources, is highly sophisticated.
18 Risk communication during public health emergencies remains a highly complex matter, requiring recognition of uncertainty and building of trust with the public.
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In terms of the IHR themselves, the 2005 revisions moved away from the narrow focus of the previous IHR which had addressed the reporting of 'known' risks encompassing three diseases only: plague, cholera, and yellow fever. In contrast, the revised IHR reflected a blended approach with reporting to WHO required for certain diseases of known risk (including Severe Acute Respiratory Syndrome (SARS) and new sub-types of human influenza); and assessment of risk using a decision instrument contained in the IHR required for some other diseases of known risk, (including pneumonic plague, cholera, yellow fever, and Ebola), 'that have demonstrated the ability to cause serious public health impact and to spread rapidly internationally'. It should be noted that Ebola, a 'known' disease with which there is some previous experience, and which is listed in the IHR, nevertheless caught the international community by surprise with the scale of the recent outbreak in West Africa, highlighting the fact that even with the revised IHR in place, the international community still struggles to respond effectively to global public health emergencies caused by known infectious diseases. The third approach encompasses, to borrow from Lakoff, the vigilance approach required of an unknowable future event by requiring reporting to WHO of 'any event of potential international public health concern'. Although the revised IHR require countries to report certain public health events within their territory in accordance with the IHR, 21 the 2005 revisions also allow WHO to take account of reports from other sources of events that may constitute a public health emergency of international concern. 22 In doing so however, WHO must request verification of any such reports from the affected country, and offer to collaborate with the affected country in assessing the event and the adequacy of the control measures. 23 This potential for WHO to take account of other sources of information about disease outbreaks or other possible public health emergencies allows information from NGOs, media reports, and social media to inform decision-making about possible global public health emergencies. 24 Importantly, this development moves the revised IHR beyond a binary WHO-country relationship, thus reflecting the multiplicity of actors inherent in the crowded landscape of contemporary global health.
25 As Davies and Youde argue, the changes in the revised IHR 'introduce a host of new eyes and ears to keep watch and hold governments accountable for their response to public health emergencies'.
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Informal reports of disease outbreaks and analysis of social media not only potentially provide some early warning of unusual events, but also make it more difficult for states to hide disease outbreaks, 27 adding new dimensions to risk for states experiencing emerging public health crises from infectious diseases, given the potential for other countries to impose trade or travel restrictions in response to perceived risk. 28 In this context, there are complex relationships between informal and state-based reporting, and engagement by the state with the public. 29 In addition, widespread use of the internet and social media also opens new possibilities for what has been termed 'digital participatory surveillance' in which citizens and volunteers report on disease, thus supplementing traditional disease surveillance mechanisms. 30 Finally, of course the traditional media may influence perceptions of risk by the general public through the media's coverage of public health emergencies. early-mid 2000s to plan and prepare for an influenza pandemic, much of the preparation was for a pandemic caused by the more lethal H5N1 avian influenza virus.
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Thus, although a pandemic was declared by WHO in 2009 in response to the H1N1 influenza virus, the relative mildness of the disease when compared to the H5N1 virus presented challenges for WHO and for individual countries in adapting their responses during the pandemic in light of evolving information about risk. 33 In response to this, WHO's revised pandemic guidance adopted a more flexible, all hazards approach 34 which has been reflected in updated preparedness plans at the national level. 35 Recognition of the gradations of risk is also evident in the recent recommendation by the Interim Ebola Panel Report for an 'intermediate level' in the declaration of a public health emergency of international concern. As the Report noted, under the current IHR 'there is either a PHEIC or there is not', 36 with the recommendation for consideration to be given to 'the possibility of an intermediate level that would alert and engage the wider international community at an earlier stage in a health crisis'.
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Because only PHEICs (along with the IHRs) have any real normative status under international law, 38 this may also promote public understanding of the array of other functions and responsibilities of WHO in coordinating international management of potential pandemic episodes. 39 Furthermore, expert committees appointed to consider the global response to the Ebola outbreak have recommended considerable strengthening of WHO's capacity to respond to global public health emergencies. 40 This evolution in the conceptualisation of risk recognises the considerable uncertainty that exists in relation to new and emerging infectious diseases and the need for preparedness and response capacity to be flexible and adaptable. 46 with WHO declaring the cluster of cases of microcephaly to be a PHEIC even before the causal link between Zika and microcephaly was established.
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As conceptualisations of risk and infectious diseases have broadened to encompass currently unknown risks, so too has there been a broader approach to the sources of risk. The increasing contributions to emerging disease threats stemming from rising population, urbanisation, de-forestation and other environmental pressures, 48 has put the spotlight on diseases such as Ebola, or swine and bird flu, where the pathogen originated in non-human populations. One consequence has been a broadening of the planning horizon to incorporate paying attention to the ecological context of such diseases. Indeed some commentators argue that current pandemic preparedness plans are too narrow, calling for a more holistic ecological 'one-health' response embracing anthropological, ecological, and veterinary dimensions, When the Ebola outbreak in West Africa erupted in the spring of 2014, the global health community was ill prepared to cope. There were no vaccines, no treatments, few diagnostics, and insufficient medical teams and trained responders. 51 The lack of effective medical countermeasures for Ebola was despite the fact that Ebola was already a known disease. 52 Indeed, in the years since it was first discovered in 1976, there have been more than 20 outbreaks of Ebola in Africa, 53 although the 2014 outbreak was undoubtedly the largest and most widespread to date.
The 2014 Ebola outbreak highlighted the need to be able to develop effective medical countermeasures to respond to an emerging global health crisis caused by infectious disease. During the Ebola outbreak considerable work was undertaken on development of possible Ebola vaccines, with WHO coordinating international efforts for development of new interventions. 54 The potential for crises to harness efforts and innovations for public health is significant as is demonstrated by the announcement in late 2016 of the trial results of a potential vaccine for Ebola.
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In 2016, the WHO developed a blueprint for research and development to prevent epidemics, 56 an approach that is in line with the recommendations of the various expert reviews of the Ebola response for accelerated R&D for global public health emergencies. 57 The R&D Blueprint focuses on three approaches: (i) 'improving coordination and fostering an enabling environment', (ii) 'accelerating Research and Development processes', and (iii) 'Developing new norms and standards tailored to the epidemic context'. 58 The publication in 2016 by WHO of Guidance for Managing Ethical Issues in Infectious Disease Outbreaks will assist these efforts by providing guidance on a range of important issues including research during emergencies, datasharing, biobanking of samples, and emergency use of unproven interventions, 59 issues which all came to the fore during the Ebola outbreak. 60 While pandemic response capacity in terms of R&D is being addressed globally, IHR core capacities are specified at the national level. The building of such capacity at the national level is multi-layered and resource demanding, so countries vary greatly in their ability (or willingness) to build capacities such as having enough or sufficiently proximate access to testing laboratories. 61 This is especially the case for developing countries in regions such as South-East Asia, where implementation of the IHRs is patchy due to resource and logistical challenges. 62 To assist the region to meet the IHR's mid-2014 deadline for development of core capacities, the Asia-Pacific Strategy for Emerging Diseases (APSED) was developed, originally in 2005 and updated in 2010. 63 APSED has provided a valuable framework to support development of IHR core capacities in the region with 19 out of 27 States Parties reporting that they have met the IHR core capacity requirements, 64 and a 2015 evaluation showing establishment of event-based surveillance by 85% of Member States; with 92% having 'a rapid response team and risk communication plans for emergencies; and 95% of national reference laboratories have participated in external quality assessment'. 65 The challenges associated with building capacity are significant. Although the IHR require countries to build certain core capacities within their health systems, the achievement of IHR core capacities remains uneven 66 sparking debate over the best means of ensuring compliance with IHR requirements, including consideration of the best means of assessing the national capacities required by the IHR. Commenting that 'When the health of all is at stake, information must be validated through some form of peer review or other external assessment', 67 the Ebola Interim Assessment Panel considered the system of voluntary self-assessment of IHR core capacities to be 'unacceptable' and recommended costed and independently assessed plans for development of IHR core capacities, an approach that has also been recommended by other international expert panels. 68 Importantly, there has been a shift away from viewing IHR compliance as a point-in-time assessment of compliance to one of on-going capacity building and continual improvement. Noting with concern the fact that 'only approximately one-third of States Parties have indicated that they have met the minimum [IHR] core capacity requirements', the Report of the Review Committee on Second Extensions for Establishing National Public Health Capacities and on IHR Implementation concluded that 'work to develop, strengthen and maintain the core capacities under the IHR should be viewed as a continuing process for all countries'. 69 The Review Committee also recommended external evaluations rather than self-assessment. 70 Following from these recommendations the WHO has developed a Joint External Evaluation Tool to assess the capacity of countries to prevent, detect and respond to public health threats. 71 Under the Joint External Evaluation the process of evaluation begins with completion of a survey by countries using their own self-reported data, which is provided to the joint external evaluation (JEE) team of national and international experts. Following a visit by the JEE team to the host country the JEE team draft a report on the country's capabilities and challenges.
72 National capacity to meet IHR core capacities is assessed on a 5-point scale: (i) no capacity, (ii) limited capacity, (iii) developed capacity, (iv) demonstrated capacity, and (v) sustainable capacity.
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The resulting report is shared with the host country, and with the country's permission, stakeholders, in order to facilitate international support for implementation, circulate best practices, and promote accountability. 74 The development of the JEE tool is an important step towards greater transparency and accountability of the assessment of IHR core capacities. However, without substantial funding to support the realisation of core capacities, it is likely that many countries will continue to struggle to strengthen their national capacities.
For low resource countries, regional cooperation may provide important opportunities to build capacity and preparedness. In South-East Asia for example, many countries within the region have limited resources. The region has also been the location for the emergence of a number of communicable diseases in recent years including SARS, avian influenza (H5N1), and Nipah virus. 75 The tropical climate of many South-East Asian countries also means that vector-borne diseases such as dengue and chikungunya pose ongoing threats to public health. 76 The cluster of cases of microcephaly in the Americas not only led to it being declared a public health emergency of international concern-an emergency that has since been declared over-but also to concern over its potential impact on low resource countries in other regions 77 and on vulnerable members of society. 78 Regional initiatives include the Asia Pacific Strategy on Emerging Diseases, 79 which 'serves as a key regional tool to help countries meet their IHR core capacity requirements' 80 although a recent review noted that challenges still remain in strengthening capacity within the region. 81 Other regional initiatives for infectious diseases include the Pacific Public Health Surveillance Network, and the East African Integrated Disease Surveillance Network. 82 Still other initiatives exist at the sub-regional level. These include the Mekong Basin Disease Surveillance initiative, which covers 'Cambodia, Lao PDR, Myanmar, Thailand, Vietnam and the Yunnan and Guangxi provinces of China'. 83 In addition to helping to build regional capacity, in the context of emergencies, existing networks may also be utilised to provide a framework for decision-making. For example, during the Ebola outbreak in West Africa, the WHO African Vaccine Regulatory Forum provided a forum 'for regulators, ethics committees and sponsors to reach consensus on key ethical and regulatory questions'. 84 Bond et al 85 describe three phases in the development of these sub-regional disease surveillance networks. The first phase, from 1996-2007, was one during which the networks were established and attention was largely focused on diseases of local concern and training of personnel. During phase two, which was from 2003-2009, the focus shifted to national and cross-border surveillance to address diseases in border regions including HIV/AIDS and regional threats such as SARS. This was also the period during which the revised IHR were adopted and came into effect, which also focused national and regional commitment on IHR compliance. Finally, in phase three, which began in 2006 and continues to the present, Bond et al note growing cooperation between regional networks, a focus on strengthening preparedness for pandemic influenza, and the establishment of Connecting Organizations for Disease Surveillance (CORDS) to share expertise and learning between regional networks. 86 There are a number of important advantages to these networks. Sub-regional disease surveillance initiatives provide a 'bottom-up' approach to transnational cooperation, 87 and are in contrast to the 'more formal networks in geographic regions designated by the World Health Organization'.
88 Surveillance networks can also play an important complementary role, supplementing more formal disease surveillance programs at the national, regional, and global level. 89 Bond et al also argue that disease surveillance networks can assist capacity building in low and middle-income countries:
Regional disease surveillance networks prioritize building trust-based relationships that enable informal reporting and the rapid sharing of sensitive information; and enabling cross-border collaboration and the strengthening of technical capacity to detect and respond to infectious diseases in peripheral border areas with marginalized populations. 90 Furthermore, they argue that network systems provide a multidimensional approach that is well-suited to responding rapidly to the changing conditions of infectious disease outbreaks by allowing for local, multidisciplinary, and cross-sectoral engagement that may be needed for effective disease outbreak response and research. 91 Finally, Bond et al argue that networks allow for maintenance of national sovereignty, allow professionals to engage cooperatively, and foster trust and collaboration, 92 although they acknowledge that 'language and cultural differences, along with the broader geopolitical context, often present barriers to effective cooperation'. 93 Clearly, the challenge of building national capacity for disease surveillance and response, particularly within low income countries, remains. As outlined above, regional and sub-regional cooperation offers one possible approach to assist with capacity building in response to shared risks, although it remains to be seen as to whether such regional initiatives can adequately address the current weaknesses that exist at a national level in many countries in terms of IHR core capacities
IV. GLOBAL COOPERATION AND NATIONAL SOVEREIGNTY
The adoption of the revisions to the IHR in 2005 represented a significant achievement in global health. 94 At its heart the IHR represented agreement in the international community on the importance of strengthening the systems for global public health. However, in the decade since the adoption of the IHR it has been clear that tensions continue to exist between global cooperation and national sovereignty. Although 86 WHO arguably has a global leadership role in coordinating responses to global public health emergencies, its limited powers and limited funding hamper effective responses, and reform of WHO has been part of the recommendations of recent expert review committees. 95 In terms of WHO's powers, as James Hodge has noted, 'In reality, WHO lacks comprehensive, enforceable legal powers to require member states to do much of anything beyond what their leadership agrees to undertake voluntarily'. 96 Although WHO has established a Contingency Fund for Emergencies, 97 the willingness of Member States to provide support for the Fund in the longer term remains to be seen. What is clear is that without funding to support its emergency response capacities, and in the absence of enforcement mechanisms, WHO will continue to be hampered in its emergency response, despite expectations for WHO to take a more operational approach in its responses to global public health emergencies. 98 Article 43 of the IHR requires that any additional health measures introduced by countries in response to either a specific public health risk or a public health emergency of international concern should be no more restrictive or invasive 'than reasonably available alternatives that would achieve the appropriate level of health protection' 99 and be based on scientific principles; available scientific evidence about risk; and any guidance or advice from WHO. during the Ebola outbreak, more than 40 countries implemented additional measures that significantly interfered with international traffic, outside the scope of the temporary recommendations issued by the Director-General on the advice of the Emergency Committee. As a result, the countries affected faced not only severe political, economic and social consequences but also barriers to receiving necessary personnel and supplies. These consequences constituted a significant disincentive to transparency. 102 The lack of enforcement mechanisms to address actions taken that are not in accordance with the IHR is one of the IHR's noted weaknesses 103 and the Interim Ebola Development Goals, as focusing attention on areas of need. As Wenham argues, 'multiple devolved arrangements with clearer tangible goals between actors bilaterally or multilaterally could provide a more fruitful result than broader normative calls for global shared responsibility for improving global health security'. 112 Secondly, Wenham argues for improved financing to support global health security, and finally, for the development of enforcement mechanisms or incentives to support IHR compliance.
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Clearly national sovereignty plays a critical role in strengthening global health security. Cooperation between WHO Member States is vital to the development and implementation of a common global approach to infectious diseases. Yet without the clarity of responsibilities advocated by Wenham, and the associated accountability and enforcement mechanisms necessary to ensure that countries are meeting their obligations under the IHR, global health governance of risk management for infectious diseases will remain patchy and imperfect.
V. HUMAN RIGHTS AND EXECUTIVE POWER
Human rights principles referred to in the IHRs are one check against excesses of state power in preparedness for and the management of public health emergencies, 114 but those rights are framed quite loosely, leaving much doubt about the level and form of protection intended. 115 Furthermore, the need to take account of social vulnerability 116 and gender 117 in emergency preparedness and response reveals the need for broad and inclusive understandings of human rights in the context of public health emergencies. Despite the importance of human rights in public health emergencies it has been argued that the international community failed to engage with the human right to health during the Ebola outbreak, meaning that 'a chance was lost to further advance the right to health by itself and international law by utilizing the human rights dimension'. 118 The risk of abrogation of human rights in pandemic response management is heightened because the urgency of the situation calls for exercise of executive rather than of judicial or legislative powers under emergency laws. 119 This is true of the powers entrusted to the Director-General of the WHO when declaring PHEIC and issuing temporary (3 month) recommendations about how to deal with it. While the Director-General operates within a procedural framework (including advice from an Expert Committee, consideration of views of affected nations, and an algorithm-based decision-instrument) the powers are unfettered beyond going through that minimally consultative process. While those internal WHO processes certainly help to regularise decision-making by reducing the risk of arbitrary or idiosyncratic exercise of the Director-General's powers, it does not overcome the criticism that there is no merits review or other check, or overcome concerns that undue weight may be given to expert scientific input at the expense of political or other considerations, 120 suggesting that a 'global governor who operates in the space between expertise and political decision risks taking action that cannot be justified on either ground'. 121 Heath therefore argues for what may be termed deliberative democratic (or 'transparency') reforms, 122 though paradoxically others see a human rights benefit in confining the grounding of exercise of IHR powers to such objective scientific material.
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The domestic laws of nation states likewise rely heavily on executive action at the outset, with any judicial or independent merits review scrutiny reserved to an 'after the fact' role. 124 The executive issue to a person of a biosecurity control order and the subsequent internal review rights by the Director-General under Australia's Biosecurity Act 2015 (Cth) 125 is a case in point. The provision of rights to a subsequent merits review by the Administrative Appeals Tribunal (AAT) 126 and a speedy decision by the AAT within no more than an initial 7 days or any extended 7 day period 127 establishes an avenue of external review of this power, and this arguably meets relevant human rights expectations. 128 Nevertheless, the proportionality balances are fine ones, as illustrated in other spheres such as civil commitment powers in respect of mental illness (or alcohol and drug addiction) where similar debates arise between models requiring judicial authority to detain and those empowering executive action by clinicians, subject to post-admission external review. 129 Of course responding to a genuine emergency necessarily involves some modification to standard human rights and their manner of protection, but as Zidar points out, there are two main models of what international law requires: a 'limitations' model which 'shrinks the framework of protection . . . from the full to a limited scope' based on tests including rational relationship to legitimate public health aims and proportionality, and a 'derogations' model that temporarily suspends human rights other than certain inviolable 'core' rights. 130 As Zidar explains, in contrast to the linear (what Zidar refers to as 'monocentric') approach encompassed by both the limitations and derogations models, the approach encompassed by the IHR in responding to a public health emergency of international concern is polycentric and fluid ('indeterminate and elusive'): that is there are many actors and variables in play, and responsive flexibility is the order of the day. 131 One consequence is that there is room for both models, depending on the pandemic scenario or point in its trajectory, though the civil rights of respect for individual dignity and that of non-discrimination are suggested as being inviolable while rights to privacy, liberty and freedom of movement engage the proportionality principle of the limitations model.
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VI. CONCLUSION As this article has argued, risk remains a central concern in planning for and responding to global public health emergencies. However, while conceptualisations of risk have become increasingly sophisticated and more flexible in recent years, preparedness for unknown risks remains challenging and the measures used to respond to those risks remain hampered by insufficient public health capacities and tensions between national sovereignty and global cooperation, while further work remains on the articulation of human rights in emergency contexts. As public health emergencies in recent years have illustrated dramatically, infectious diseases pose continuing threats to human health. To prepare for and respond to these threats there is a need for strong public health institutions at the national, regional, and global level with the ability to identify and respond to emerging risks at an early stage. Without investment in the capacity building needed to strengthen these institutions, management of the risks associated with infectious diseases is likely to be an on-going challenge for global health governance and for the global community more generally.
